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Objective: To assess the discriminatory power of two genotypic and two phenotypic techniques by analysis of 
Pseudomonas aeruginosa sputum isolates obtained with long term intervals from 29 independent cystic fibrosis (CF) 
patients. 
Methods: Fifty-eight strains of P aeruginosa were subjected to  serotyping and pyocin production was assessed. 
Arbitrarily primed polymerase chain reaction (AP PCR) and pulsed-field gel electrophoresis (PFGE) were applied in order 
to detect genetic polymorphisms. 
Results: From the results of different typing techniques, it appeared that the numbers of separate types varied between 
11 and 43, and the percentage of identical P aeruginosa pairs from individual patients varied between 51% and 72%, 
depending on the test system used. AP PCR and PFGE displayed enhanced resolution when compared to serotyping 
and pyocin typing; both DNA typing techniques generated concordant results, although differences in resolution are 
apparent. This results in 15% discordance, which may be the result of differences in the definitions of (sub)clonal 
relatedness as applied for AP PCR and PFGE, respectively. 
Conclusions: Molecular typing techniques are superior t o  phenotyping where P aeruginosa is concerned. AP PCR is a 
fast and useful technique for determining clonality among P aeruginosa strains from chronically colonized CF patients. 
It is clear, however, that the interpretation of data and comparative analysis of PFGE and AP PCR results necessitates 
additional (international) standardization and the development of practical guidelines. 
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INTRODUCTION 
The lungs of patients with cystic fibrosis (CF) provide 
an ecologic niche which supports the growth of several 
species of potentially pathogenic microorganisms. 
Haernoplzilus infuenzae, Staphylococcus aureus and Psrudo- 
nzonas aeruginosa are encountered frequently in sputum 
surveillance cultures of CF  patients. I? aeruginosa causes 
significant morbidity and is associated with a reduction 
in the life-expectancy of individuals suffering from CF 
[ 11. For this reason it is important to gain insight in the 
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niodes of acquisition and transmission of Acudomonas 
among patients. 
Over time, the lungs of C F  patients are con- 
secutively colonized by different populations of micro- 
organisms, indicating complex ecologic dynamics. In 
order to determine the mechanism enabling bacteria to 
colonize CF  lungs for extended periods of time, it is 
necessary to perform longitudinal studies for unraveling 
bacterial population genetics. For determination of the 
putative clonal origin of the various strains inhabiting 
the CF patients' lung, several phenotypic and geno- 
typic strategies have been employed. These vary from 
relatively simple biological assays to complex niolecular 
genetic approaches. Several of these typing procedures 
have been compared in large, sometimes multicenter, 
typing studies of I? aerugiuosa and Buvklzolderia ccpacia 
from C F  patients [2-51. However, since these studies 
were performed, several new methods have been 
brought forward, among which are the arbitrarily 
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primed polymerase chain reaction (AP PCR) [6,7] 
and pulsed-field gel electrophoresis of DNA macro- 
restriction fragments (PFGE) 181. 
The aim of the present study was to compare the 
widely used phenotyping procedures with the more 
recent genotypic strategies. For this reason, a collection 
of 58 I? aeruginosa strains from 29 CF patients was 
analyzed by serotyping, pyocin typing, AP P C R  and 
PFGE. 
by PFGE in a CHEF-DR I1 apparatus (BioRad, 
Veenendaal, the Netherlands) for 36 h with initial and 
final pulses of 5 and 25 s, respectively. The gel was 
stained with ethidium bromide and photographed 
under UV transillumination. Profiles were compared 
visually. Identical profiles were considered major PFGE 
types and designated by letters. The subclonal variants, 
i.e. tracks of the same general profile but differing in 
positions of one up to five bands of the major PFGE 
types, are indicated by subnumbers. 
MATERIALS AND METHODS 
RESULTS 
All 29 CF patients were recruited in the University 
Hospital Rotterdam (The Netherlands). The mean age 
of the patients was 18.6 years (range: 6 to 28) and they 
had been admitted to the hospital on up to 10 occasions 
(median 6) during the study period. Per CF patient, 
two strains of l? aeruginosa were isolated from two 
sputum samples. The sample was collected during a 
period of hospitalization or at  the time of an outpatient 
visit. The interval between first and second sample was 
at least 29 months. Strains were isolated by standard 
microbiological procedures and stored at  -70 "C. If 
two or more morphologically different strains were 
observed upon cultivation, only one was arbitrarily 
selected and used to assess the discriminatory power of 
the four different typing techniques. The 29 pairs of 
strains were characterized by serotyping and active 
pyocin typing as described by Horrevorts [9]. The 0- 
antisera that were used were obtained from Diagnostics 
Pasteur (Marne-la-Coquette, France). AP P C R  was 
performed as described before [10,11]. Since the 
efficacy of random primers in an AP P C R  test cannot 
be predicted accurately, the following primer species 
were first evaluated using a pilot group of 10 
l? aeruginosa strains: 1283 (5'-GCGATCCCCA-3'), 
1281 (5'-AACGCGCAAC-3'), 1254 (5'-CCG- 
CAGCCAA-3'), 1247 (5'-AAGAGCCCT-3'), 1026 
(5'-GTGGATGCGA-Y), 14307 (5'-GGTTGGGTG- 
AGAATTGCACG-3'), 40730 (5'-GGCCATAGAG- 
TCTTGCAGACAAACTGC-3'), 1290 (5'-TACA- 
TTCGAGGACCCCTAAGTG-3'), ERIC 1 (5'- 
CACTTAGGGGTCCTCGAATGTA-3') and ERIC 2 
(5'-AAGTAAGTGACTGGGGTGAGCG-3'). The 
latter two primers were also applied in combination in 
a single PCR test. Banding patterns were inspected 
visually, and all different fingerprints, even when only 
a single different band was observed, were assigned a 
number. Macrorestriction analysis of DNA by PFGE 
was done according to the methods described by 
Kaufmann and Pitt [12]. Briefly, bacteria were 
immobilized in agarose blocks and the DNA was 
extracted and digested with XbaI (Boehringer- 
Mannheim, Germany). The fragments were separated 
First, we assessed the discriminatory power of 10 
different AP P C R  primers by studying a limited set of 
five pairs of I? aeruginosa. It appeared that primer 1290 
provided maximum discrimination in a single assay (see 
Figure 1 for some examples). Subsequently, all 58 
strains were typed with this particular primer, 1290. All 
results obtained are summarized in Table 1. 
Depending on the typing strategy, a certain percen- 
tage of strains remained non-typeable. The typeability 
was loo%, 93%, 91% and 66% for AP PCR,  PFGE, 
serotyping and pyocin typing, respectively. Four strains 
were non-typeable by PFGE; this was probably related 
Figure 1 DNA fingerprints obtained after AP P C R  with 
primer 1290. Strain designations are inhcated above the 
lanes and are identical to those described in Table 1. Note 
that genotypically similar isolates were obtained from 
patients 24, 25, 26, 27 and 28. The strains from patients 8 
and 10 show different AP P C R  fingerprints, which in these 
cases is in agreement with PFGE data (see Table 1). For the 
strains from patients 27 useful AP P C R  fingerprints are 
generated, despite the fact that PFGE proved unsuccesful. 
M=molecular mass marker. 
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Table 1 Colonization period and typing results of pairs of Pvudornonar aeruginosa strains isolated from 29 chronically 
colonized CF patients 
~~ ~ 
Date icnlation Serotype Pyocin AP PCR PFGE 
Gender Strain Strain Strain Strain Strain Strain Strain Strain Strain Strain 
N o  (M/F) Year of birth 1 2 1 2 1 2 1 2 1 2 
1 F 
2 F 
3 F 
4 M 
5 F 
6 F 
7 M 
8 F 
9 M 
10 F 
11 F 
12 M 
13 M 
14 M 
15 F 
16 M 
17 F 
18 F 
19 F 
20 F 
21 F 
22 F 
23 M 
24 M 
25 M 
26 F 
27 F 
28 F 
29 F 
1972 
1973 
1970 
1964 
1966 
1972 
1973 
1970 
1972 
1978 
1970 
1965 
1974 
1974 
1905 
1969 
1985 
1973 
1966 
1971 
1964 
1967 
1978 
1985 
1978 
1984 
1968 
1964 
1969 
5/84 
9/85 
10/85 
5/84 
9/83 
11 /86 
3/84 
11 /84 
12/87 
9/83 
9/83 
9/83 
3/82 
11/83 
2/84 
12/85 
2/86 
8/85 
10/84 
4/84 
12/81 
9/85 
6/85 
1/86 
6/85 
3/86 
10/85 
4/85 
1/84 
9/90 
10/90 
7/91 
3/9 1 
5/91 
8/9 1 
1 /91 
7/91 
4/90 
4/90 
9/90 
7/91 
6/90 
4/90 
7/91 
7/91 
8/90 
1/91 
4/91 
5/90 
7/91 
7/91 
7/90 
1/91 
1/91 
7/91 
4/91 
1 /91 
7/91 
13 
6 
14 
13 
3 
8 
6 
N T  
3 
6 
3 
13 
3/13 
16 
15 
1 /3 
6 
6 
6 
13 
11 
1/3 
3 
1 
113 
1 
N T  
3 
6 
13 
6 
14 
16 
3 
8 
6 
N T  
3 
3 
13 
3/13 
16 
15 
1 /3 
6 
6 
6 
13 
11 
1 /3 
3 
1 
1/10 
1 /6 
N T  
N T  
3 
3 
35b 
45c 
84b 
N T  
74c 
74b 
41d 
N T  
85c 
85c 
46c 
45c 
45c 
45c 
74c 
78d 
84C 
54c 
85c 
82d 
l l d  
N T  
N T  
N T  
N T  
N T  
85c 
74c 
66c 
3% 
45c 
84b 
N T  
74c 
74b 
N T  
N T  
85c 
85c 
46c 
45c 
45c 
45, 
74c 
78d 
84C 
54c 
85c 
82d 
N T  
N T  
N T  
N T  
N T  
N T  
85c 
74c 
1 1 C 
2 2 d 
3 3 N T  
6 6 1 
7 8 f 
9 10 1 
11 12 11 
13 14 g 
15 16 1 
17 17 b 
18 19 P 
2 0 20 q 
4 -I 1 
21 21 r 
22 22 e 
23 24 I1 
25 25 U 
26 27 V 
28 29 \v 
32 33 0 
34 35 x 
36 36 D 
37 37 E 
38 38 F 
39 39 G 
40 40 N T  
41 41 e 
30 31 Y 
cl 
d 
k 
al 
N T  
h 
b 
e 
c 
e 
I11 
P2 
9 
rl 
el 
I1 1 
v l  
U 
c 
z 
t 
xl 
E 
F 
G 1 
N T  
r) 
e 
N T  42 43 K L 
All typing results are given in separate columns, each column displaying data for both strains (numbered 1 and 2) from all individual patients. 
Ilolatioll dates are given 111 month/year. Serotypec, pyocin types, P C R  types and PFGE types are explained in the Matcrialc and Methodc 
vxtioii. NT=non typeable. 
to a high intracellular content of endonucleases (see also 
Roniling et al) [13]. Apparently, AP P C R  is less 
sensitive to this type of artifact. The numbers of types 
that could be identified among the 58 strains by the 
different techniques were 43 (AP PCR) ,  30 (PFGE), 11 
(serology) and 14 (pyocin). Based on these data, AP 
PCR and PFGE seem to display superior resolution of 
I! aeuuginosa isolates. 
The different typing techniques (AP PCR,  PFGE, 
serology and pyocin typing, respectively) scored 51%, 
5896, 72%) and 66% of the paired isolates as identical. 
This is in agreement with the decrease in resolution as 
described above. When the result of the two genotypic 
analyses were compared, concordant conclusions with 
respect to strain identity in pairs from a single CF 
patient were obtained in 85% of the cases. For serology 
and pyocin typing, the percentage of concordance was 
only 58%. When genotypic and phenotypic results 
were compared, even lower percentages of homology 
were found. The second strain from patients 3, 6, 8 and 
19 and both strains from patients 15 and 28 were 
identical with PFGE (e type), but were not clustered 
on the basis of AP PCR,  serotyping and pyocin typing. 
Strain 1 from patient 8 and both strains from patient 16 
were identical with PFGE and different with AP PCR,  
serotyping and pyocin typing. Four pairs had a different 
DNA pattern with AP P C R  and had a subclonal 
(nearly identical) variant with PFGE. 
DISCUSSION 
In previous evaluations of typing schemes for Pseudo- 
monas spp. it has been demonstrated that the single 
genetic approach that was validated, on these occasions 
the analysis of restriction fragment length polymor- 
phism (RFLP), displayed a relatively high degree of 
resolution and reproducibility [3,8,13]. In the present 
study we demonstrate the lower resolution of the 
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phenotypic procedures when compared to DNA 
typing. This is in agreement with the results of a 
previous study, where it was demonstrated that analysis 
of a hybridization-mediated toxA RFLP detection was 
superior to phenotyping. The phenotypic procedures 
displayed lower typeability and discriminatory power. 
Another problem with phenotyping methods is the 
spontaneous conversion of P aeruginosa, which can 
invalidate reproducibility [131. PFGE and AP P C R  
generally show greatly concordant data, thereby 
strengthening the clinical conclusions that can be 
drawn from the experimental results. It has to be 
emphasized, however, that AP P C R  resolves the two 
isolates of four patients (12, 16, 18 and 22; see Table 
l),  whereas PFGE considers these strains to be 
identical. This is not due to the technical inadequacy 
of AP PCR,  since no run-to-run variability was 
observed and typing of numerous colonies of a single 
strain always generated sets of identical fingerprints. A 
major reason for the discrepancy may be a paper one: 
the lack of standardization of the rules applied for the 
description of (sub)clonal relationships. Additional, 
multicentered validation studies, as were performed for 
S. auveus for instance [14], are urgently needed in this 
respect. The conclusion from Mouton et a1 [15] that 
long-term administration of antipseudomonal anti- 
biotics to chronically colonized CF patients is associ- 
ated with the development of resistance was confirmed 
for the pairs that were identical with AP PCR and 
PFGE (results not shown). 
In recent years a number of large-scale typing 
studies on Burkholdevia cepacia, also from CF patients, 
have been published [16-181. These studies demon- 
strate that person-to-person transmission of B. cepacia 
does occur, but that the frequency with which this 
happens depends on the clinical setting. When patients 
are well isolated, e.g. in lung transplantation units, 
patients remain permanently colonized by a single 
strain [18]. When frequent and unobstructed personal 
contacts are allowed, increased transmission is observed. 
This implies that the CF patient, encountering different 
environmental bacterial strains during day-to-day life, 
will continuously take up those strains that fit in best in 
his or her lung ecosystem. Ultimately, colonization will 
be limited to the occurrence of a single bacterial clone 
1131. In our patient group, six individuals harbored 
PFGE type e P aevuginosa at  a certain point in time. The 
widespread occurrence of this genospecies is reminis- 
cent of the general spread of another genospecies in the 
German Hannover region [ 131. Further analysis of 
potential geographic clustering of strains requires 
additional investigations. The results of this study 
showed that nine patients underwent a shift in the 
colonizing l? aeruginosa strain as measured by AP PCR. 
Since the primary goal of the present study was to 
position the different typing procedures, it is currently 
not clear whether this is an accurate or biased reflection 
of the actual clinical situation. The strains were 
arbitrarily chosen and more detailed studies are needed. 
We are currently typing all the longitudinal I? aeruginosa 
isolates from families of CF patients known in our 
hospital. Data from such studies will shed light on 
colonization convergence and cross-infection in and 
between the family members. Presently, a PFGE- 
defined subclone may differ in the position of up to five 
bands with the clonal type, whereas in the case of AP 
P C R  a single band difference led to the definition of 
another type. These widely differing approaches for 
clone/subclone description may be an explanation for 
differences encountered between PFGE and AP P C R  
data as shown in this present study. Current research is 
focused on determination of subclonal variants of AP 
P C R  patterns in comparison with PFGE types and 
subtypes. The validity of this type of research is under- 
scored by a recent publication [19], where AP PCR is 
brought forward as an excellent first-line typing pro- 
cedure, especially where large numbers of strains need 
molecular typing. 
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